• CONCLUSION: Dynamic stereopsis is preserved in certain X(T) patients diagnosed with stereoblindness via traditional tests. A long disease course was shown to be a negative factor for dynamic stereopsis in X(T) patients which might be associated with worse progression, and provide good references clinically.
INTRODUCTION

I
ntermittent exotropia [X(T)] is one of the most common forms of childhood strabismus [1] . Strabismus prevents the normal development of binocular sensory neurons in the visual cortex, and the eye turn is visible during stressful situations or when the person is tired, ill or anxious, which may have a negative effect on the quality of binocular visual functions [2] , such as divergence [3] , fusion [4] and stereoacuity [5] . Traditional stereopsis examinations include the Titmus stereo test, the Lang stereo test and the Frisby stereo test [6] . Deterioration of near stereoacuity to below normal thresholds and the loss of near stereoacuity are considered signs of X(T) severity, although such factors are rarely reported [7] [8] ; however, researchers have suggested that patients with X(T) may retain good near stereoacuity [9] . We suggest that one reason underlying these inconsistent conclusions is the vergence fluctuation, which has been recognized as a characteristic of X(T) [10] . The inconsistency of vergence deviations increases the difficulty of detecting true binocular function via the traditional static stereopsis test in X(T) patients in everyday life [11] because the stimulus' frontoparallel location and its dot pattern are constant and fixed while retinal images are always in motion in a dynamic world [6] . Therefore, a comprehensive evaluation of binocular function that utilizes a dynamic stereopsis test is warranted. Both static and dynamic stereoacuity can be reduced in the central visual field of patients with strabismus and other binocular vision anomalies [12] . Theoretically, at least two possible methods of generating dynamic stereopsis are available: a mechanism that detects binocular disparity at different times (disparity only) and a mechanism that detects interocular velocity differences (motion only) [11] . Interestingly, a poor correlation is observed between these two routes, even in normal adults, which suggests that humans use two distinct mechanisms to extract binocular information of motion-in-depth. Our previous study focused on a computer program that generates dynamic random-dot stereograms, which has been shown to be a useful method for measuring dynamic stereopsis [13] [14] . This program has three indexes:
motion+disparity, motion only and disparity only, from which the disparity and motion cues can be included or omitted independently based on the stereoacuity of 600 arc seconds. This program demonstrated that binocular depth-from-motion was present in approximately half of the esotropic patients without fine stereopsis, suggesting that separate mechanisms may underlie static stereopsis and motion [13] . However, the condition of dynamic stereopsis in X(T) patients remains unclear.
The characteristics of X(T) patients were assessed by comparing static and dynamic stereopsis, and we aimed to answer three questions: 1) Do X(T) patients with stereoblindness diagnosed by stereograms have the potential for stereopsis? 2) Is there a difference between static and dynamic stereopsis in X(T) patients? 3) What is the relationship among the age of onset, the duration of the disease and ocular deviations and stereopsis? In this study, we aimed to compare static and dynamic stereopsis, including motion stereopsis and disparity stereopsis, in 57 X(T) patients and 55 normal subjects through traditional methods and Ai-Hou Wang's method.
SUBJECTS AND METHODS
Ethical Approval This observational, cross-sectional, nonconsecutive case study was conducted by recruiting volunteers with X(T) as well as healthy subjects who visited the Optometry Clinic. The research was performed according to the tenets of the Declaration of Helsinki. The study protocol was approved by the institutional Ethics Committee. All subjects provided informed consent after receiving both written and verbal explanations of the nature and intent of the study.
Subjects and Inclusion Criteria
This study included 57 patients with X(T) [the X(T) group] and 55 normal subjects (the normal group). The inclusion criteria for the X(T) group were as follows: 1) near and distance exodeviation angles greater than 5 prism degrees (PD) and alternate cover tests and X(T) diagnosis by an experienced doctor; 2) between 5 and 30 years old; 3) 0.0 or better best corrected visual acuity (BCVA; logMAR, log of the minimum angle of resolution); and 4) absence of other ocular disorders or other systemic diseases. The inclusion criteria for the normal group were as follows: 1) between 5 and 30 years old; 2) 0.0 or better logMAR BCVA; 3) near and distance exodeviation angles less than 5 PD and alternate cover tests; and 4) no history of any ocular pathology or systemic disease. All participants in both groups wore full optical correction devices during testing. Binocular Vision Function Examination After a routine ophthalmic examination, the normal group was tested to determine the feasibility and accuracy of the dynamic stereopsis test. In the X(T) group, the included indexes were as follows: 1) the dynamic stereopsis test, which included motion+disparity, motion-only and disparity-only parts; 2) the angle of ocular deviation, 3) the Bagolini striated lens test, 4) the disease course, and 5) the Titmus stereopsis test. Prism cover test: The angles of deviation for distance (6 m) and near (33 cm) vision were measured using the alternate prism cover test with spectacle corrections when required. The deviation after occlusion of one eye for 1h was remeasured to distinguish the simulated X(T) from true divergence excess X(T). Then, we classified the results according to Kushner's classification scheme for X(T) [15] . Bagolini striated lens test: Each observer viewed a light source (30 cd/m 2 ) held at 33 cm while wearing Bagolini striated lenses under low ambient illumination (5 lx). Under normal viewing conditions, the participants with normal binocular function perceived an "X", which represents a combination of the "/" seen by one eye and the "\" seen by the other. However, participants with suppression (SUP) perceive only one line (/ or \) within the region affected by the suppression scotoma [16] . Age of onset and disease course: The age of onset was recorded using data from the patients' files and determined based on the history given by the patients or their parents or confirmed by inspecting old photographs, and the time since onset was calculated and used as the disease course. Static and Dynamic Stereoacuity Measurement The stereoacuity measurement was divided into static and dynamic stereopsis. The static Titmus stereo test detected stereoacuity of 40, 50, 60, 80, 100, 140, 200, 400 or 800 arc seconds using circular figures, and each measurement was repeated twice. For the dynamic stereopsis measurement, each patient sat facing a screen at a distance of 55.5 cm with a green filter in front of the right eye and a red filter in front of the left eye. Three tests were performed, with test 1 (motion+disparity) designed to test binocular motion-in-depth elicited by
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Int J Ophthalmol, Vol. 12, No. 1, Jan.18, 2019 www.ijo.cn Tel: 8629-82245172 8629-82210956 Email: ijopress@163.com interocular disparity cues and/or binocular depth-from-motion elicited by movement cues, test 2 (disparity only) designed to test only stereopsis, and test 3 (motion only) designed to tested only binocular depth-from-motion without disparity cues (the online website for these programs is https://pan. baidu.com/s/1I0StAl9ynsQeytNybR3IEw). Specifically, four rectangles were included in these three tests, and one of these four randomly provides a depth cue and moves back and forth in the "Z" direction. The patients were required to select the correct answer continuously 10 times in a forced-choice manner, and eight correct answers (80%) were judged as accurate [11] . Normal subjects performed the dynamic stereopsis test first to show that it was feasible; then, one-eyed viewing through Bangerter filters with densities of 0.2 was performed to simulate suppression. In our previous study, stereopsis was demonstrated to be destroyed with this method, and a corrective lens on the other eye was used to test the traditional and dynamic stereopsis function [17] [18] . Each measurement was repeated twice to avoid any learning effects. Statistical Analysis The differences between patients with motion-only, disparity-only or motion+disparity stereopsis and those without stereopsis were analyzed statistically using either the Chi-square test or the Mann-Whitney test. The test-retest reliability of dynamic stereopsis in the normal and X(T) groups was appraised using Pearson's correlation coefficient analysis. P<0.05 was considered statistically significant. RESULTS Clinical Demographics This study included 57 patients (37 females and 20 males) in the X(T) group and 55 people (26 females and 29 males) in the normal group. The mean ages of the X(T) group and normal group were 14.8±10.5y and 15.9±2.2y, respectively. The mean deviation angle in the X(T) group was 25.78±15.93 PD, and all the participants in the normal group were nearly orthotropic (less than 5 PD) on the alternate cover test. The mean BCVA was 0.00 logMAR in both groups. Feasibility and Accuracy of Dynamic Stereopsis All the subjects in the normal group accepted the dynamic stereopsis test, and all the subjects (100%) exhibited good stereoacuity with accuracy rates of more than 80%. To examine the testretest reliability, 85 subjects from two groups repeated the test for a second time and presented a correct answer fill rate from 10% and 20% to 90% and 100%, indicating that the test was highly reliable. The Pearson's correlation coefficient was 0.901 (P<0.001; Figure 1 ).
Comparison of Static and Dynamic Stereopsis Tests
In the normal group, no patients could pass the static as well as the dynamic stereopsis test after using Bangerter filters with densities of 0.2 in one eye, whereas in the X(T) patients diagnosed with stereoblindness via traditional tests, the accuracy rates of the traditional static tests were 31.81% for motion+disparity, 36.36% for motion-only and 45.45% for disparity-only stereopsis (Table 1 , Part I). In the motion+disparity test, the Fly (+) X(T) patients (22/35, 62.9%) obviously passed the test more easily than the Fly (-) X(T) patients (7/22, 31.8%; P=0.046, Chi-square test), which was also observed for the disparity-only test, with the Fly (+) X(T) patients presenting a greater correct answer fill rate (26/35, 74.3%) than the Fly (-) X(T) patients (10/22, 45.5%; P=0.047, Chi-square test); however, no obvious relationship was observed between positive Titmus Fly tests and the motion-only test (P=0.290, Chi-square test).
Dynamic Stereopsis in the X(T) Patients with Different
Ages of Onset Patients in the X(T) group were divided into two groups according to the age of onset: younger than 7y and older than 7y. There were 20 patients with an age of onset less than 7y and 37 patients with an age of onset greater than 7y. As shown in Table 1 and Figure 2 group tested positive, which was a significantly lower rate than the late-onset patients, with 23/37 (62.16%) positive patients in the latter group (P=0.012, Chi-square test). In the disparityonly test, the late-onset patients (28/37, 75.68%) also showed better function than the early-onset patients (8/20, 40%; P=0.011, Chi-square test).
Dynamic Stereopsis in the X(T) Patients with Different Disease Courses
We assigned the patients to one of two groups based on disease course: a short-course group for patients with a disease course of less than 1y (22, 38 .6%) and a long-course group for patients with a disease course of more than 1y (35, 61.4%). In Table 1 Part II and Figure 3 , regardless of whether the motion+disparity, motion-only or disparityonly test was used, the patients in the short-course group displayed a significantly greater correct answer fill rate than the patients in the long-course group, and the correct answer fill rates for the motion+disparity, motion-only and disparityonly tests were 72.7%, 57.1% and 70%, respectively (P=0.007 for motion+disparity, P=0.047 for motion-only and P=0.002 for disparity-only, Chi-square test). In other words, those with a disease course of more than 1y had worse dynamic stereopsis than those with a disease course of less than 1y.
Dynamic Stereopsis in X(T) Patients with Different Angles of Ocular Deviation
Based on the angles of ocular deviations, the X(T) patients were divided into 2 groups: a 5-20 PD group (26 patients) and a 21-50 PD group (31 patients). The motion+disparity, motion-only and disparity-only stereopsis cases did not show significant differences between these two groups (P=0.452, 0.610 and 0.489, respectively, Chi-square test; Table 1 Part III).
Relationship Between the Bagolini Striated Lens Test and Dynamic Stereopsis in the X(T) Patients
For the Bagolini striated lens test, the 36 X(T) patients who passed the test were considered SUP (-), and the 21 patients who did not pass the tests were considered SUP (+). In the motion+disparity and disparity-only tests, more patients in the SUP (-) group passed than in the SUP (+) group (P=0.013 for the motion+disparity test and P=0.028 for the disparity-only test, Chi-square test), and no obvious relationship was observed between the Bagolini striated lens test and the motion-only test (P=0.787; Figure 4 and Table 1 Part IV). In conclusion, the Bagolini striated lens test results were correlated with the motion+disparity and disparity-only tests (P<0.05) but not with the motion-only test. DISCUSSION In this study, we revealed the following: 1) dynamic stereopsis showed high test-retest reliability, and individuals with 
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Int J Ophthalmol, Vol. 12, No. 1, Jan.18, 2019 www.ijo.cn Tel: 8629-82245172 8629-82210956 Email: ijopress@163.com stereoblindness diagnosed by traditional stereograms have the potential for dynamic stereopsis; 2) motion+disparity and disparity-only tests but not the motion-only test of dynamic stereopsis were consistent with the traditional Titmus stereo tests; and 3) long disease courses are associated with a negative effect on dynamic stereopsis, including motion+disparity, motion-only and disparity-only, in X(T) patients, for whom a disease course greater than 1y resulted in comparatively worse performance in the dynamic stereopsis tests. Although certain X(T) patients were diagnosed as stereoblind with the Titmus stereo test or considered to present suppression with the Bagolini striated lens test in our study [17] , they exhibited different positive rates of motion+disparity, motion only or disparity only in the dynamic stereopsis evaluation. This phenomenon indicates that traditional methods cannot fully reflect the visual functions or residual stereopsis [19] , and compared with the traditional stereo test, the dynamic stereo test may facilitate the extraction of depth relative to static disparity signals, which is consistent with the results of Hess et al [20] and Tidbury et al [21] . Moreover, the Titmus stereo test and the Bagolini striated lens test were related to the motion+disparity and disparity-only tests of dynamic stereopsis, which did not conform to Huang et al's [14] results for esotropia patients. We hypothesize that the differences between Huang et al's [14] study and ours may be due to different types of strabismus; therefore, the damaging mechanism underlying stereopsis is distinctive [22] . X(T) can develop in early childhood and is considered to be progressive [23] , although the natural history of X(T) remains obscure due to the lack of longitudinal prospective studies. We determined that the disease course of X(T) may affect stereoacuity, as patients with a short disease course of less than 1y presented better motion+disparity, motion-only, and disparity-only test results than patients with a long disease course of more than 1y. Our results were similar to but not in complete agreement with the results of Abroms et al [24] , which suggests that subjects had a significantly greater chance of having postoperative fine stereoacuity if they were surgically aligned within 5y of the onset of strabismus. However, in a study by Fawcett et al [25] , 12mo or less of constant strabismus led to significantly better random-dot stereoacuity than longer periods, which is consistent with the results of our study. Interestingly, a single statistical multivariate model including disease course, onset times, along with motion and disparity or motion-only or disparity-only results has been developed, which supported the significant correlation observed between disease course and dynamic stereopsis. However, additional subjects should be included to further prove this correlation. Therefore, we deduced that the destruction of dynamic stereopsis is dynamic and cumulative, and a longer disease course is associated with worse progression [26] . Moreover, we also found that patients with an onset before the age of 7y were more easily damaged in the motion-only, disparity-only or motion+disparity tests than patients with onset after 7 years of age. Six years old is an important time point for stereoacuity that enables children to discriminate confusing information [27] . Moreover, our study was consistent with Dekker et al's [28] report showing that older children (>10.5y) demonstrated better sensory fusion and integration of depth cues in the brain than younger children (<10.5y). However, the age of onset in our study was not perfectly matched with the critical period for stereopsis, thus suggesting that the strabismic period can intersect with the critical period for stereopsis development and maturation [29] . PD value is a common index in X(T) patients for measuring the angle of the strabismus; however, PD value was not correlated with stereopsis for the motion-only, disparity-only or motion+disparity tests, which was consistent with the opinion of Seki et al [30] that deviation angles do not differ between near and distance stereopsis. Therefore, the deviation angle should not be listed as a complete operating indicator, as it does not influence stereopsis.
In conclusion, dynamic stereopsis is preserved in certain X(T) cases defined as stereoblindness via static stereo tests. A long disease course was shown to be a negative factor for dynamic stereopsis in X(T) patients which might be associated with worse progression, and provide good references clinically. 
